Abstract. This paper investigates the influence of swinging antennas on co-site interference cancellation system (CICS) and the improved interference cancellation method for keeping the effective interference cancellation as the antennas swing. The interference signal model coupled from transmitter to receiver was established when the antennas swing and the influence of swing antennas on received interference signal was analyzed. The swing of the antennas will cause the received interference signal to be modulated. The amplitude and the bandwidth of the interference signal will be changed. For suppressing the influence of swinging antennas on interference cancellation, the improved bandwidth designed method is proposed. Finally, the validity of the proposed method was confirmed by the simulation experiment.
Introduction
Nowadays, more and more electronic equipments were installed in common plat (such as war chariot, aircraft and warship). The mutual interferences of the antennas are serious due to the limited space isolation. For suppressing the interference in the Marine Corps' Expeditionary Fighting Vehicle (EFV), the Co-site Interference Cancellation System (CICS) was proved to be the best efficiency by testing many potential solutions [1] . The theoretical basis of the adaptive interference cancellation is the principle of adaptive noise cancellation and the LMS (least mean squares) algorithm mentioned by B. Widrow [2] . Reference [3] analyzed the performance of co-site interference cancellation system implemented by analogue circuit. The performance of CICS with integral control and low-pass control was analyzed in [4] . The improved method to decrease the impact of CICS on desired signal was proposed in [5] . Currently, the researches about the CICS are mainly under the condition that the antennas are stationary. But, in actual situations, some antennas (such as whip antennas) may swing with the moving of the carrier platform and the weather conditions. Here, the received interference signal will not be the same as the transmitting signal. Then, the interference cancellation performance of the CICS may drop because the correlation of the receiver interference and the reference signal is weakened. So, it is very important to research the influence of the swinging antennas on CICS and to propose a new method to guarantee the effective interference cancellation.
In this paper, the model of CICS is established firstly. Secondly, the received interference signal is modeled considering the swinging antennas and the influence of the swinging antennas on CICS is analyzed. Then, the method to suppress that influence is researched and proposed. Finally, the simulation is used to confirm the validity of the proposed method.
System Model.
A typical CICS is shown in Fig. 1 . The XI(t) is the interference signal. The Xs(t) coupled from transmitting signal is reference signal. The Xs1(t) and Xs2(t) are two orthogonal reference signals with same amplitudes. The attenuator adjust the amplitude of the reference signal and output Y1(t) and Y2(t). Y1(t) and Y2(t) are then synthesized as the output signal Y(t) via the synthesizer. Y(t) is synthesized with the interference signal in the coupler and the receiving antenna for generating the cancellation residual signal Xε(t). Xε(t) is sent to the receiver and the correlator, respectively. The correlator completes the correlation operation of the reference signal and the cancelation residual signal. The weights W1(t) and W2(t) are the adjustment coefficients of the attenuators. The correlator consists of a multiplier and a low-pass filter. The low-pass filter can be represented as k/(τs+1), where k denotes the gain of this filter and τ denotes the time constant. The block diagram of the CICS is shown in Fig. 2 . For the moving of the carrier platform or the weather conditions, the antennas may swing. The coupled interference XI(t) will vary with the swing of the antennas, but the reference signals will not, because they are coupled from the transmitter. Let orthogonal reference signals be
, the interference signal be
, where Es and EI(t) are the amplitudes of the reference signal and the received interference signal, respectively; ω0 is the angular frequency of the interference signal, Φ(t) is the phase angle of the received interference signal. The residual error is
Model of Interference Signal.
From Fig. 1 and Fig. 2 , if the antennas are stationary, the received interference signal is
, where the amplitude and the phase angle are constants. When the antennas swing, the coupling channel will change and the amplitude and the phase angle will vary over time randomly. Then the received interference signal becomes an amplitude modulation and phase modulation signal, as is shown in (2) . But it is quite difficult to analyze the performance of the CICS thinking of the received interference as a random modulation signal. As the influence of swinging antennas on CICS is mainly the change of the received interference signal bandwidth and the order of the swing frequency is about several Hz, which is far less than that of the transmitting signal. Then, the received interference signal can be simplified. Thinking about the worst case, the antennas swing as a harmonic oscillation along radial and can swing to be horizontal. The oscillation frequency is about 10Hz.
Supposing the height of the antennas is h and the distance of the antennas is l, then the minimum distance of the antennas is l-2h and the maximum distance is l+2h. The received interference signal can be expressed as ( )
, where ma and mb are the modulation ratio of the amplitude and the phase angle, respectively; ωs=2πfs is the swing angular frequency. The isolation of the antennas can be written as [6] ( )
, where L is the distance of the antennas, λ is the wavelength of the transmitting signal, and Gt and Gr are gains of the transmitter antenna and receiver antenna, respectively. So, the maximum isolation and the minimum isolation can be expressed as
From (6) and (7), as the antennas swing to be horizontal, the variations of isolation are
From (8), the modulation ratio ma can be written as 
When l>>2h, the modulation ratio of amplitude can be approximated as 2h/l. Thinking about the maximum swing, the maximum changed phase angle can be expressed as
, Where c is the light speed and is about 3×10 8 m/s. So, from (9) and (10), the modulation ratios of amplitude and phase angle are the same. According to the characteristics of the phase modulated signal and (5), the maximum frequency shift is △ωs = mb×Φ×ωs. Then, the bandwidth of the phase modulated signal is BWp= 2mb×Φ×fs. From (5), the bandwidth of the amplitude and phase modulated interference signal is
Method to Suppress the Influence of Swing Antennas on CICS.
As is shown in Fig. 2 , the time-domain characteristics of CICS have been researched in [4, 5] . The transfer function of residual error to received interference can be written as
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From (12), the frequency-domain characteristic of the CICS is shown in Fig. 3 . From Fig. 2 and Fig. 3 , the CICS is a notch filter and the center frequency is the frequency of the reference signal. Though the reference signal is a single frequency signal, but the CICS has some notch bandwidth. It can cancel the signal with a certain bandwidth. As is shown in (11), though the received interference signal is modulated by the swinging antennas and its bandwidth is expanded, the expanded bandwidth is not big. So, the modulated received interference signal for the swinging antennas can be canceled effectively by proper design of the notch bandwidth.
Due to the requirement for protecting the receiver not to be block, supposing the ICR for unmodulated received interference signal as (4) is ICRI. For the side frequency signal amplitude of the phase modulated signal, which is needed to take into account, is about 10% of the amplitude of the unmodulated signal. So, the amplitude of the maximum side frequency signal is about 0.1×EI from (5 .
(15) Equation (15) shows the received interference signal modulated by swinging antennas can be cancelled well by proper design of the gain k and the time constant τ. Provided the gain k and the time constant τ are satisfied with (15), the CICS can ensure the effective interference cancellation as the antennas swing.
The Simulation Analysis.
Supposing Es=1V, EI=0.1V, τ=1s, k=2000, ω0=2π×2×10 6 rad/s, h=3m, l=40m, fs=10Hz. From (9) and (10), the amplitude and phase modulation ratios are ma=mb=0.15. Then the bandwidth of receiver interference is BWs≈25Hz, according to (11) .
If the designed ICR is about 60dB when the antennas don't swing, then the residual error must be no more than From Fig. 3 , the amplitude of the receiver interference is 0.1V and the residual error is about 0.0001V. The ICR is 60dB or so. It meets the design requirement.
If the antennas swing, the simulation results of CICS are shown in Fig. 4 and Fig. 5 . As is shown in Fig. 5 , the residual interference of the center frequency is about 0.0001V, which is the same as that of Fig. 3 . The ICR of the center frequency is 60dB and it meets the design requirement. But not all the residual interferences of side frequencies are less than 0.0001V. So, the time constant τ should be modified. According to (11), (13) and (15), the time constant τ can be calculated as about 0.1s. Then the simulation results of the CICS with τ=0.1s are shown in Fig. 6 and Fig.7 . From Fig. 6 and Fig. 7 , the frequency components of the residual interference are all less than 0.0001V. Their ICRs are all no less than 60dB. Therefore, the parameters design of the CICS meets the requirements for suppressing the influence of the swing antennas on interference cancellation effect.
Conclusions.
We have discussed the influence of swinging antennas on CICS. For the swing of the antennas, the receiver interference becomes an amplitude and phase modulation signal and the bandwidth of the receiver interference is expanded. Then, the effect of interference cancellation of CICS will decrease. By proposed improved design of time constant, the adverse effect can be overcome.
